The mammalian genome contains approximately 3500 large intergenic non-coding RNAs, or lincRNAs. The biological function of these RNAs has been widely debated, as few loss-of-function experiments have been performed. Eric Lander and colleagues now examine lincRNAs expressed in mouse embryonic stem (ES) cells and find that they maintain pluripotency and repress differentiation programs.
Using short hairpin RNAs (shRNAs), the researchers were able to knock down expression of 147 of the 226 lincRNAs known to be expressed in mouse ES cells. They identified 26 lincRNAs that were required for proper expression of Nanog and other known pluripotency genes. Another set of 30 lincRNAs were required to repress differentiation programs; knocking down these lincRNAs reduced expression of genes associated with differentiation into specific lineages.
The researchers found that pluripotency-associated transcription factors, such as Nanog and Pou5f1, seemed to regulate the expression of lincRNAs. For instance, about 75 percent of the lincRNA promoters were bound by at least one of the pluripotency-associated transcription factors, and knocking out the bound factor in most cases had an effect on lincRNA expression.
How do lincRNAs operate? Consistent with previous reports, the researchers observed that lincRNAs are associated with chromatin regulatory complexes, such as the polycomb repressive complex, as well as other protein complexes. For 40 percent of lincRNAs associated with a particular complex, their knockout resulted in an expression pattern similar to that produced by knocking out genes encoding the complex.
The researchers speculate that lincRNAs may act as ''scaffolds'' in specific cell types to assemble protein complexes into large functional units. Proper formation of the placenta depends on natural killer (NK) cells that accumulate during pregnancy and control the invasion of placenta-forming trophoblast cells into the endometrium, according to a new study using the rat as a model.
Previous work has shown that NK cells regulate the formation of spiral arteries, maternal vessels that supply the embryo and fetus, through the secretion of vasoactive molecules and proangiogenic factors such as VEGF. But the role of NK cells in placentation has been less clear. During placentation, invasive trophoblast cells penetrate the uterus, invading the stroma. They also restructure the spiral arteries, a process known as endovascular invasion. This invasive process is sensitive to oxygen tension and signaling through hypoxia-inducible factor (HIF), a key factor in mediating the effects of hypoxia.
Damayanti Chakraborty et al. found that the activity of NK cells regulates oxygen delivery to the developing placenta. Depletion of NK cells delays uterine spiral artery development, leading to decreased oxygen tension at the placentation site. As a result, HIF1A is stabilized and endovascular trophoblast invasion accelerates. In vitro knockdown of HIF1B, the binding partner to HIF1A, suggests that HIF signaling directs trophoblast stem cells to differentiate into invasive cells and also increases the invasive abilities of these cells.
The findings show how nutrient delivery and gas exchange through the placenta is carefully orchestrated and responsive to external and uterine environmental conditions. Most DNA methylation is erased from the early mammalian embryo genome during the first several cell divisions. Demethylation of the maternal DNA occurs through a ''passive'' process, in which the pattern of methylated DNA bases is not re-established during DNA replication; methylation is essentially diluted out of the genome after several cell divisions. Loss of function of the methylated marks of the paternal DNA, in contrast, occurs in an ''active'' manner: methyl groups are enzymatically altered in the paternal pronucleus prior to the first cell division.
A research team led by Guo-Liang Xu and Jinsong Li now identifies a long-sought central operator in active demethylation of the paternal DNA, the Tet3 (ten-eleven translocation 3) enzyme. This study, along with another recent study by Asuza Inoue and Yi Zhang, outlines how the process of inactivation of methyl marks proceeds in the early embryo.
Previous work has suggested that Tet (ten-eleven translocation) enzymes can convert methylated cytosine, 5-methylcytosine (5mC), into 5-hydroxymethylcytosine (5hmC), an intermediate form on the road to demethylation. Moreover, Tet3 transcripts are highly expressed in the oocyte, and knocking down Tet3 by RNA-mediated interference seems to disrupt patterns of demethylation.
The current studies take a closer look. Both studies examined patterns of 5mC and 5hmC in preimplantation embryos by immunostaining mitotic chromosome spreads. Consistent with previous studies, loss of 5mC occurred in the paternal pronucleus, and this loss correlated with the appearance of 5hmC. It seems that 5hmC is lost through ''passive'' demethylation; for instance, at the two-cell stage, only one of the two sister chromatids from spermderived chromosomes was enriched for 5hmC, and 5hmC staining waned in subsequent cell divisions.
Xu and colleagues found that Tet3 protein was in the right place at the right time: it localized to the male pronucleus at the zygotic stage and in the cytoplasm at later embryonic stages. Zygotes genetically deficient for maternally supplied Tet3 had impaired demethylation, as observed by immunostaining of whole pronuclei and biochemical assays of methylated transcripts, such as Oct4 and Nanog. What's more, oocytes lacking Tet3 were not able to properly reprogram inserted nuclei from somatic cells.
Xu and colleagues also showed that hydroxylation of methylated marks in paternal DNA is physiologically relevant. Mice lacking maternal Tet3 in their oocytes had low fertility and their offspring had increased incidence of developmental defects.
The new findings, together with previous observations, suggest that Tet3 converts 5mC to 5hmC in the paternal pronucleus, presumably inactivating the methylation marks. A transposable element unique to placental mammals helped drive the evolution of pregnancy, a recent report in Nature Genetics suggests.
Placental mammals have a richly vascularized uterus that provides a welcoming environment for an implanting embryo. The uterus prepares for implantation through the action of endometrial stromal cells (ESCs), which undergo a differentiation process known as decidualization in response to signals such as progesterone, estradiol, and the intracellular second messenger, cAMP.
Vincent Lynch et al. took a close look at what makes ESCs in placental mammals different from ESCs in nonplacental mammals by examining the transcriptome using a technique called RNA sequencing. They compared the pattern of RNAs that are transcribed in ESCs during pregnancy in the short-tailed opossum, a marsupial, and the armadillo, a placental mammal. They also examined human ESCs differentiated with progesterone and cAMP. In human and armadillo endometrial cells, 1532 genes were expressed that were not expressed in the opossum cells, suggesting that these genes were recruited during the evolution of pregnancy in placental mammals.
Thirteen percent of these 1532 genes are located close to (within 200 kb of) a transposable element unique to placental mammals, dubbed MER20. Analysis of MER20 elements shows that they can regulate RNA expression and directly bind transcription factors essential for pregnancy. In particular, MER20 elements are found at high frequency near genes encoding components of the cAMP signaling pathway, suggesting that they may help coordinate the response of ESCs to decidualization signals.
Many of the MER20 elements bind insulator proteins, which can shield DNA from activation or repression by gene enhancers and silencers. The patterns of gene expression near MER20 elements have led the researchers to propose that the insertion of MER20s in the genome of ancestral placental mammals shielded blocks of genes from transcriptional repression. As a result, previously repressed genes were available for activation. This process may have resulted in the recruitment of the cAMP signaling pathway into ESCs, leading to the development of decidualization of the endometrial stroma.
The results suggest that MER20 elements facilitated large-scale rewiring of the gene regulatory network during the evolution of pregnancy in placental mammals. The findings dovetail with other studies that suggest that transposable elements may help drive the evolution of novel traits. 
